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ABSTRACT 
Structure of the Intertidal Fauna on a Galveston Groin. 
(May 1993) 
Jose Enrique Barraza Sandoval, B. Sc. , in Biology, 
Universidad de El Salvador; 
Chair of Advisory Committee: Dr. Donald E. Harper, Jr. 
A Galveston groin was surveyed bimonthly from July 1991 
through May 1992. Four transects were established along one 
side of the groin. Four contiguous quadrats (QI-QIV), each 
100 wide x 50 cm height, extended from the top of the groin 
to the water line, constituted each transect. Paired random 
numbers were used to locate the sampling points where 
counting or scraping was performed. Persistence of species 
was assumed when random ANOVA and Kulczynski's Similarity 
Index established no differences among the six different 
periods. Similarity Index detected some similarity when 
transects were compared. Stratification indicated that 
species abundance changed along the four vertical quadrats. 
This was confirmed by randomized block ANOVA. Quadrat I (QI) 
was characterized by the presence of Nodilittorina lineolata 
(Order Mesogastropoda) in some seasons. QII was populated by 
the above species and Chthalamus fragilis (Subclass 
Cirripedia) . Densities of these two species increased in the 
QIII zone; other common biota in QIII included Neanthes 
succinea (Order Phyllodocida), Balanus eburneus (Subclass 
Cirripedia), Corophivm acherusicum (Order Amphipoda), and 
algae. QIV showed enhancement in diversity and abundance of 
some species, but abundances of others decreased. C . 
acherusicvm was the overall numerically dominant species. 
Some physical and biological features may have increased 
diversity, and probably contributed to the huge densities 
observed. The two most important physical factors found in 
lower zones were the deposition of sediment and refuge 
provided by crevices. Biological factors included barnacles, 
oysters, and algal colonies, which created sheltered areas 
for many invertebrates. Other important members on the QIV 
area were Balanus amphitrite (Cirripedia), Capreila equi libra 
(Amphipoda), and Dynameneila dianae (Isopoda) . Detritivores 
and suspension feeders were the most abundant trophic 
categories, resembling, in part, communities on natural rocky 
shores. Experimental bricks were set in December. In January, 
they were colonized only by cirripeds. In later months 
diversity and live coverage increased during spring. In 
summer those parameters decreased. Distribution of intertidal 
fauna may be controlled by the interactions of exposure 
periods, temperature, radiation, sedimentation, shelter, 
substratum microtopography, predation and dispersion- 
persistance strategies. 
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INTRODUCTION 
Rocky shores represent very dynamic ecosytems which have de- 
veloped particular communities. In the United States, natural 
rocky shores are very common along the west coast . However, 
in the east coast, rocky shores are scarce, occurring at 
scattered locations in north and central Florida and North 
Carolina (Stephenson & Stepheson, 1952), and commonly along 
the New England coast. Rocky beaches have been the subject of 
many ecological experiments, primarily due to the easy manip- 
ulation of organisms for experimental purposes. These works 
have investigated algae-herbivore relationships (Souse, 1979; 
Lubchenco & Menge, 1978; Lubchenco & Gaines, 1981; Branch, 
1985); competition and predator-prey interactions (Connell, 
1961; Lubchencho & Menge, 1978; Hughes, 1985; Wethey, 1985) . 
The intertidal fauna of hard substrata of Texas shores has 
been poorly studied, probably because hard substrata are un- 
common. Hard intertidal habitats (jetties and groins) along 
the Gulf of Mexico were introduced by humans in the late 19th 
century (Whitten et al. , 1950; Britton & Morton, 1989). 
Jetties were designed to protect boat traffic, and groins to 
trap sand. Galveston groins, rebuilt in the late 1960's by 
the U. S. Army Corps of Engineers, created new habitats for 
hard-bottom organisms and estuarine associates from oyster 
reefs. Also, the crevices between rocks provide shelter to 
some species. (Whitten et al. , 1950; Hedgpeth, 1953) 
Fotheringham, 1980; Britton & Morton; 1989). 
As on natural rocky shores, the groin community is primarily 
influenced by fluctuations in salinity and temperature, air 
exposure, shock force of waves, substratum microtopography, 
competition and predation (Whitten et al. , 1950; Kronberg 
1988; Fuji & Nomura, 1990) . The gradual changes in these 
factors creates a gradient which causes a vertical zonation 
of organisms in intertidal rocky communities. 
This Thesis follows the format aod style of Marine Ecology Progress Series. 
That gradient has been observed in different hard shores, 
including natural and artificial rocky shores along the east 
coast of the United States. Stephenson (' Stephenson (1952) 
observed such zonation on natural and artificial rocky 
substrata in Florida and the Carolinas. This has been found 
along Texas jetties, also (Whitten et al. , 1950; Hedgpeth, 
1953) Britton & Morton' 1989) 
Some jetties, groins and breakwaters on the warm temperate 
east coast may be influenced by the great amounts of sus- 
pended sediments, which tend to be deposited along the rock 
flanks. In fact, Fotheringham (1980) reported the ocurrence 
of mud in the lower intertidal on Texas jetties. Also, 
species distribution can be influenced by the scouring action 
of sand. Therefore, the jetty biota can be considered as mix- 
tures of representatives of rocky, sandy and muddy communi- 
ties (Whitten et al. , 1950; Stephenson & Stephenson, 1952) . 
Britton S Morton (1989), based on studies pertaining to Port 
Aransas jetties, mentioned that Ligia exotica (Isopoda) and 
Nodilittorina lineoiata (Mesogastropoda) inhabited the upper 
intertidal. The splash zone caused by waves creates "wet" ar- 
eas on the upper areas of the jetties, increasing the inhab- 
itable area for heat-resistant species such as barnacles and 
littorinids. 
In the midlittoral, some common organisms are Chthalamus 
fragi i is, Baianus ebvrneus (Thoracica); Menippe adina 
(Decapoda) ) Siphonaria pectinata (Basommatophora); Stramonita 
(= Thais) haemostoma (Neogastropoda); Brachidontes exustvs 
(Mytiloida) . Connell (1961) mentioned that the Chthalamus 
zone is above the Balanus layer on intertidal rocky shores. 
He explained that abiotic factors may control the upper dis- 
tribution of Chthalamus, while the distribution below may be 
controlled by the presence of Baianus and predators. Britton 
& Morton (1989) observed the same pattern, but questioned the 
role of Balanus in this zonation. Zonation of different 
species of intertidal barnacles along the Florida Keys has 
been studied by Bierbaum & Zischke (1979) . 
Macroalgae are characteristic of the lower intertidal. They 
have been surveyed at Galveston (Lowe & Coxe, 1978) and Port 
Aransas (Kapraun, 1980) . Some mobile and sesile fauna have 
been mentioned in the lower intertidal of Port Aransas 
jetties, e. g. different hydroids; the warty anemone 
Bvnodosoma cavernata; the sea hare Aplysia sp. and other 
gastropods from the midlittoral; the oyster Crassostrea 
vi rginica, the sea urchin Arbacia punctulata, some poly- 
chaetes and amphipods (whitten et al. 1950; Hedgpeth, 1953; 
Britton & Morton, 1989). 
Many of the fauna mentioned above were recorded by 
Stephenson & Stephenson (1952) in the Carolinas and nothern 
Florida, although the abundance patterns for some species 
differ from those on Texas jetties. One case is the abundant 
mussel Brachidontes exustus ( Nytilus exvstus) in some areas 
of Charleston, South Carolina, whereas in Texas it is not a 
dominant species. Whitten et al. (1950) and Hedgpeth (1953) 
mentioned that in the Gulf of Mexico, species composition of 
jetties changes according to latitude. Thus, more tropical 
species have been found in the southern shores of Texas. 
The geographical distribution of species along the Gulf of 
Mexico as well as the east coast may be influenced by physi- 
cal factors. Voss (1959) described the world wide distribu- 
tion of the false limpet Siphonaria pectinata, which ranges 
within the 55 C isocrymes in some areas of the American 
Atlantic and Pacific. However its absence in areas of the 
Gulf of Mexico is not discussed, Another zoogeographical 
study in the same area is that of Bando & Southward (1980), 
who established latitudinal ranges for different species of 
barnacles, including Chthalamus fragilis. Some other studies 
about barnacles of the east coast mentioned their geographic 
and climatic ranges (Zullo, 1979; Ruppert & Fox, 1988; 
Britton & Morton, 1989). 
I did not find records concerning the trophic hierarchy on 
the hard shores of Texas. However, MacQuaid & Branch (1985), 
in a study of trophic levels in some rocky beaches of South 
Africa, observed that in exposed areas the presence of filter 
feeders was dominant and they were replaced by algae and 
grazers in sheltered places. Fuji & Nomura (1990) detected 
great dominance of suspension feeders (probably the same as 
filter feeders) in Japan. 
Objectives 
The objectives of my research were to determine qualitative 
and quantitative seasonal changes in the structure of the 
biota; detect the distribution of the different species along 
a vertical gradient; attempt to relate the biotic-abiotic 
variations and the changes in species composition of this 
community; compare the different trophic categories observed; 
and determine settlements, succession and survival rates of 
invertebrate fauna on experimental substrata. 
Hypothesis 
The null hypothesis for this research proposed that faunis- 
tic diversity and abundance are constant along the vertical 
gradient and among transects. The alternative hypothesis 
proposes that faunistic diversity and abundance are different 
within the vertical gradient and among the different 
transects. 
Justification 
Many surveys have reported general distributional patterns 
of the jetty fauna, but none has studied population varia- 
tions through different seasons. Moreover, benthic inhabi— 
tants of jetty sediments have not been very well documented. 
And the lack of research on the ecology of hard substrata of 
the Galveston area, are reasons requiring studies which can 
evaluate the diversity of species and its changes along sea- 
sons. 
MATERIALS AND METHODS 
Study site 
The groin chosen for this research is located along Seawall 
Blvd. at 53rd street on Galveston Island. It is 160 m long, 
and varies in width from 6. 8 m nearshore to 20 m at the ter- 
minus. According to Whitten et al. (1950) Texas jetties are 
made up of granite rocks weighing from six to ten tons each. 
Sampling procedure 
Four one-meter-wide vertical transects were established 
(Fig. 1). Each transect was separated about 32 m from other 
transects and was divided into four 100 cm x 50 cm rectangu- 
lar quadrats, each one having an area of 5000 cmz (Fig. 2). 
In these quadrats, organisms were counted or collected in al- 
most all cases from the exposed surfaces of rocks, because 
crevices between rocks were difficult to sample. I used 
paired random numbers to determine the sampling points. 
Harper (1972) performed this sampling methodology on the 
Hueneme jetty, California. 
Seven random samples were taken within each quadrat, using a 
small frame (2. 5 x 10 cm). Using Kulczynski's index averages 
(Weinberg, 1978; Kronberg, 1987) I determined that seven sam- 
ples comprised the minimun representative sample size. 
Usually in quadrats I, II, and sometimes III, organisms 
within the sample frame were counted. In quadrats III and IV, 
which contained dense algal mats and sediments, scraping was 
necessary, This required a small wood spatula or a wood 
scraper. For the motile species Ligia exotica, only presence 
was recorded. Generally Bvnodosoma cavernata, Thais haemos- 
toma and Crassostrea virginica were observed in crevices and 
cracks, which made sampling difficult with the described 
method. For this reason larger sampling frames were not uti- 
lized. Pictures were not taken because in some areas sediment 
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Fi. g. 2. Illustration of the sampling method. 
of barnacles were good sheltered places for many inverte- 
brates. 
Notes on weather conditions, algal coverage, and presence of 
sediment were recorded. Air and water temperature were 
measured with a Celsius thermometer, and salinity with a 
Reichert refractometer. Samplings were performed every two 
months, during lowest tides, from July 1991 to May 1992. 
Also, in December 1991 experimental concrete bricks of 
different sizes were placed within low-intertidal crevices 
around transects area. I did this to observe the settlement 
of organisms and their successions from winter to summer. It 
was impossible to set bricks on exposed rocks because people 
tended to manipulate them. 
Data analysis 
To confirm significant differences among the total of organ- 
isms collected during the sampling periods (700 cm2 of sam- 
pling area), a random Analysis of Variance was used (Reyes, 
1980; Ott, 1988) . Different sampling periods were considered 
treatments, and transects 2, 3 and 4 were considered repeti- 
tions (Table 2) . Logarithmic transformations (Log 4ind + 1) 
were required due to the heterogeneity of the raw data vari- 
ances (Ott, 1988). The same procedure was done to detect sig- 
nificative differences of number of species among the differ- 
ent sampling periods. Transects were considered repetitions. 
In this case logarithmic transformation was not used. 
Unbalanced random ANOVA was necessary due to the lack of data 
from T-2, QIV in September 1991 (Table 4) . 
To compare density values, i. e. total ind. /25 cm~ (the sam- 
pling frame size) among the different vertical quadrats, ran- 
domized block ANOVA was chosen (Ott, 1988) . In this design 
the four different quadrats were considered treatments and 
the three transects, blocks (Tables 6 and 7) . I decided to 
perform one randomized block ANOVA per sampling period, try- 
ing to reduce error probabilities and to observe spatial 
variations within each sampling, comprising a total of 6 
10 
RESULTS AND DISCUSSION 
The following section describes the intertidal fauna inhab- 
iting artificial hard bottoms of the Galveston Island shore. 
Physical parameters 
Fig. 3 shows that highest temperatures and salinities were 
attained during July 1991, Lowest values for the same 
physical factors were recorded in January 1992. 
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Fig. 3. Water temperature (oC) (black square), air 
temperature ( C) (white square) and salinity (ppt) 
(black diamond) recorded during sampling periods. 
These environmental trends resemble the seasonal peaks men- 
tioned by Whitten et al. (1950) and Britton & Morton (1989) 
for the Gulf coast. As reported by the same authors, precipi- 
tation usually is higher during September and May. I observed 
similar rainfall patterns during this research. 
Deposition of sediment on the exposed surfaces of rocks 
generally occurred on quadrat IV (QIV) areas on all transects 
(Fig. 2) . Sediment generally accumulated on the horizontal 
surfaces of the granite blocks. This unusual characteristic 
for rocky sea shores supported mud-dwellers. However, cold 
winds dried the sediment and swept away part of it, particu- 
larly in the long periods of low tides during winter time. 
11 
This could limit habitat availability and therefore faunal 
composition. 
Faunal composition 
Table 1 and Appendices 1 to 6, list the abundances of the 
different 50 invertebrate species found during the different 
sampling periods. Corophium acherusicum was the numerically 
dominant organism in all the samples, comprising 32, 122 indi- 
viduals (53. 18%) of a total of 64, 213 individuals collected 
(Appendix 7) . The second most abundant was the fragile barna- 
cle Chathalamvs fragilis, which comprised 16. 47% of all or- 
ganisms (Appendix 7). These two species occurred in different 
locations. The former inhabits the lower intertidal, the lat- 
ter the upper intertidal, which is more exposed to the air. 
Other numerically dominant fauna and their respective 
percentages of the sum of all data were Balanus ebvrnevs, 
14. 6%; Nodili ttorina lineolata, 4. 36%; Caprella equilibra, 
1. 86%; Dynameneila dfanae, 1. 81%; Neanthes succinea, 1. 25%; 
Balanus amphi tri te, 1. 12%; Petricola pholadiformi s, 1. 03% 
(Appendix 7) . Zonation and abundance changes of these species 
are discussed further. Minor fauna included the annelid 
Polydora websteri and the amphipod Orchestia grfllus. 
Three ma)or phyla formed the groin intertidal community: 
Annelida with 16 species of polychaetes and 1 of 
oligochaetes, Arthropoda with 15 species of crustaceans and 1 
of insects, and Mollusca represented by 4 species of 
gastropods and 6 of bivalves (Table 1). 
N. svccinea and P. websteri were the most common polychaetes 
in the samples. Also, Lvmbrinerfs parvapedata was collected 
in almost all samplings. Generally, it was found associated 
with sandy sediment within empty plates of B. eburneus. Other 
annelids were rare to common. 
As mentioned above, two amphipods, three species of 
barnacles and one isopod attained high abundances. Other 
important crustaceans were Jassa falcata, O. gri llvs, 
Sphaeroma quadridentata, and Lfgia exotfca. L. exotfca was 
Table 1. List of species with their respective tropbic category [Tcy, phylum (pN), 
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not collected, rather it was observed in large quantities 
crawling on the rocks, especially at late afternoon when they 
feed, primarily upon epiphytes (Britton & Morton, 1989) . 
N. lineolata was the numerically dominant gastropod. S. 
pectinata has been considered common in southern Texas hard 
shores (Whitten et al. , 1950; Fotheringham, 1980; Britton & 
Morton, 1989) . It has been collected in different areas of 
Florida along rocky outcrops in Marineland (Stephenson & 
Stephenson, 1952) and jetties (Borkowski, 1974) . In my re- 
search however, it was not as abundant as reported elsewhere 
(Table 1) . 
Seasonal changes 
Data from September and May indicate a greater abundance of 
organisms than in the other months. This is more evident in 
transect 4 than the other two transects (Table 1, and Fig. 
4) . Probably, the numerical dominance of C. acherusicvm has 
played a major role on this seasonal tendency, since 
abundance peaks coincide with those of this amphipod (Table 
1) . A possible explanation could be an increase in feeding 
resources during these periods. Culpepper (1969) in a survey 
of amphipods from the northeastern Gulf of Mexico obtained 
population increases in spring and fall, and also related 
food resources with the abundance peaks. 
A decrease in energetic resources may be associated with the 
abundances observed in July. Also, many fishes were observed 
around the groin in summer. This could have increased preda- 
tion on the community studied. Another possibility could be 
the decrease of sediment deposition on the rocks, probably 
caused by continuous long periods of low tides in July and 
January, when populations decreased. Moreover, high tempera- 
tures (Fig. 3) combined with the above mentioned long periods 
of exposure registered in this period, may have a severe im- 
pact on survival rates of intertidal fauna (Britton & Morton, 
1989) . These assumptions need further investigation to be 
confirmed. 
14 
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Fig. 4. Seasonal abundances of observed and 
collected individuals. T2: black squarer T3: 
white squarer T4: black diamondr X of three 
transects: white diamond. 
A random ANOVA among the total of individuals collected in 
the different sampling months showed no significant differ- 
ences (Table 2). This means that the number of organisms ap- 
parently experienced few variations in abundances. 
Table 2. Random ANovA among the different sampling 
periods comparing No. of individuals. 
Total of individuals psr transect and sampling period 
JUL SEPT NOV JAN 
T2 (rt)* 1293 1298 952 1982 
T3 (r2) 1343 1498 1909 1278 
T4(r3) 2886 10048 7546 4812 ' QIV not sampled in Sept. 
Log (No. individuals+ 1) 
JUL SEPT NOV JAN 
T2 (r1) 3. 112 3. 114 2. 979 3. 297 
T3(r2) 3. 128 3. 176 3. 281 3. 107 
T4(r3) 3. 460 4. 002 3. 878 3. 682 
Randomized ANOVA Table 
Sources df SQ MS F 
Months 5 0. 445781 0. 08916 0. 854 
Error 12 1. 25214 0. 10434 
Total 17 1. 6979 






3. 401 3. 646 
3. 444 3. 654 




Kulczynski's Similarity Index corroborated ANOVA's results: 
it revealed some periods similar to each other (Table 3) . 
High similarities occurred when September and May were 
compared, probably caused by the increases in population 
sizes mentioned before (Fig. 4) . Also, other two pairs may be 
alike due to their continuity in time, September-November and 
January-March. Moreover, July and May Ik values was 0. 37, It 
seems that summer weather has a major impact on diversity and 
abundance trends, 
Table 3. Quantitative similarity (Ikl of the 
fauniatic communities among the different sampling 
periods. ' similarity between 0. 37 and 0. 69r += 
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Diversity varied little among the different surveys. An un— 
balanced random ANOVA (Table 4) exhibited no significant dif- 
ferences among the number of species collected in the six 
surveys 
Table 4. Unbalanced random ANOVA for number of species 




Total of different species per transect and sampling period 
JUL SEP NOV JAN MAR MAY 
11 - 22 14 21 25 
22 19 22 15 18 26 
22 25 27 27 25 22 





Unbalanced random ANOVA table 
df SC MS FC Resolution 
5 92. 55 18. 51 0. 804 ns 
11 235. 33 23. 03 
16 
ns= No significance (p&0. 05) 
16 
Zonation 
Seasonal variations seem to affect the vertical and 
horizontal distribution of species. To obtain a clear idea of 
such distributions I divided the biota distribution into 
vertical and horizontal zonation. 
Horizontal. Variations in abundance and diversity were 
expected among the different transects assuming that at the 
seaward end of the groin, diversity and populations would be 
higher due to an increase in wave action, protecting this 
zone from prolonged periods of exposure. 
Kulczinski's index corroborated this assumption, since the 
result of the comparison T2-T3 (0. 64) was higher than T2-T4 
(0. 46) and T3-T4 (0. 49) . These results indicated that T4 was 
different from T2 and T3 and these two were more alike each 
other. Moreover, large abundances on T4 (Fig. 4) could be ev- 
idence for an increase in abundance seaward. 
Based on that analysis, part of the null hypothesis which 
stated that abundance was constant along the transects, was 
rejected. Therefore the idea that this intertidal community 
changes relative to distance from the shore was supported. 
Bierbaum & Zischke (1979), in a study to determine the 
relationship between distance from shore and community 
stability, found a decreasing 
Chthalamius stellatus on pilings 
considered that current flow and 
gradient for the barnacle 
from shore to the sea. They 
sedimentation influenced its 
distribution. In my study C. acherusicum was more abundant on 
the seaward end of the groin, causing the community abundance 
values to increase seawards (Table 1, Fig. 2). 
Another section of the proposed null hypothesis is related 
to diversity fluctuations relative to the distance to shore. 
Fig. 5 describes the number of species (considered as diver- 
sity) detected at the different transects during the entire 
sampling period. Generally diversity was higher on transect 4 
than the other two transects. The opposite occurred in May, 
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Patchy distributions on the groin, as on rocky shores, 
probably are influenced by a variety of microhabitats such as 
small crevices (Raffaelli & Hughes, 1978; Mori et al. , 1985), 
dead and living barnacles (Reimer, 1976a, b; Kudenov, 1979; 
Bross, 1987) . Other typical estuarine features that may 
create microhabitats can be dead and living oysters (Whitten 
et al. , 1950; Fotheringham, 1980; Ruppert & Fox, 1988) and 
sediment deposition (Fotheringham, 1980) . These factors 
varied among transects and quadrats. 
The only animal with a distribution from QI to QIV was N. 
li neoiata. It was found in uppermost areas (QI) of T2 and T3 
in March. But in T4-QI, it was recorded from November to May. 
Increased "splash zone" may be a key factor in the presence 
of this gastropod in this area. 
In QII, N. Iineolata was slightly more abundant than in QI. 
The fragile barnacle Chthalamus fragilis was observed in QII. 
These two species seem to withstand the high temperatures 
typical of this zone during low tides. 
About six permanent invertebrates and seasonal algae inhab- 
ited QIII. A wider splash zone, microhabitat diversification, 
and nutrients may have facilitated this increase in diver- 
sity. 
Table 5, Vertical and seasonal deneitiea &No. fndividnalal 25 cm ) with their specific atan- 
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Finally, 9 important animal species (including the 
numerically dominant C. acherusi curn) and several algal 
species were found at the lowest zone, i. e. QIV. This zone 
was exposed only during very low tides. There, environmental 
harshness is reduced, allowing more species to establish 
(Britton & Morton' 1989) . Many organisms seek refuge from 
ecological stress in protected zones provided by microtopo- 
graphical varieties such as crevices, holes and sessile 
biota. 
Vertical distributions of intertidal fauna along hard 
substrata have been very well documented all over the world 
(Stephenson & Stephenson, 1950, 1952; and Whitten et al. , 
1950; Southward & Crisp, 1956; Connell, 1961; Harper, 1972; 
Lubchenco & Menge 1978; Bierbaum & Zischke, 1979; McQuaid & 
Branch, 1985; Kronberg, 1988; Britton & Morton, 1989). 
However, few authors have considered microtopography an 
important factor influencing population distributions 
(Raffaelli & Hughes, 1978; Mori et al. , 1985; Fuji & Nomura, 
1990) . 
Based on Table 1, nine species were classified as the most 
abundant, and grouped in Table 3. Large standard deviations 
reflected the patchy distribution of the groin inhabitants. 
Similar tendencies were reported by Bierbaum & Zischke (1979) 
in a study of intertidal barnacles in the Florida Keys. 
The dispersion of the dominant species within the four 
vertical quadrats along the sampled areas of the groin are 
described below. 
Fig. 6 shows vertical distribution of the common gastropod 
Nodilittorina lineolata (=Littorina ziczac of some authors) 
(=Littorina Ifneolata). It seems that it has a strong 
preference for QIII, a zone neither as dry as above, nor with 
the presence of sediment, algae and the greater diversity 
typical of QIV. Probably competition for space and resources 
with other species is less severe in this area. However, in 
July and May this gastropod was very common in the low areas 
22 
of QIV, representing the settling of juvenile snails from 
plankton. In Florida the spawning season of this species is 
from April to early November, but this gastropod experienced 
a break in spawning season, from mid-May to mid-August 
(Borkowski, 1974) . This is the same period of high abundances 
found in QIV, what suggests that the reproduction period may 
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Pig. 6. Representation of the vertical stratification and sea- 
sonal abundance fluctuations of Nodillttorina lineolata. QI: 
stippled; QII: black; QIII: white; QIV: vertical lines. 
Moreover it was the only species found in QI in March, 
indicating that conditions are favorable in this area. The 
other invertebrate which visits this zone is L. exotica. 
Their presence in uppermost positions has been' documented by 
Whitten et al. (1950), Hedgpeth (1953), Fotheringham (1980), 
Bandel & Kaldosky (1982), and Britton 6 Morton (1989) . 
Vertical zonation of Chthalamus fragiiis is illustrated in 
Fig. 7. As the above species, it prefers the middle 
intertidal (QIII), indicating its capability to resist some 
desiccation (Ruppert 6 Fox, 1988). However, it seems that it 
cannot survive well above that region or perhaps larvae 
cannot reach higher zones. But the relative abundance in 
March and May may indicate recruitment of juveniles (Fig. 7). 
23 
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Fig. 7. Representation of the vertical stratification and 
seasonal abundance fluctuations of Chthaiamus fragilis. 
QII: black; QIII: white; QIV: vertical lines. 
According to Connell (1961), physical factors such as 
freezing and desiccation may restrict its upwards dispersion. 
Below, interspecific competition for space with other 
species, in this case B. eburneus, appears to be a limit. 
Moreover, he mentioned that Balanus grows faster than 
Chthalamus, reducing the presence of the latter (Connell, 
1961) . Britton & Morton (1989) discussed this theory, and 
concluded that it described in part the interaction between 
C. fragi lis and B. ebvrneus because the latter was not 
considered a strong competitor due to its relative paucity 
along Texas shores. 
Moreover, sediment should be considered as another physical 
inhibitor of C. fragilis, because it might reduce the 
existence of firm substrata on which to settle, or might 
cover the barnacles. This species is rare in the warm blue 
~aters of the Florida Keys, and seems to be more common in 
nothern areas (Bando & Southward, 1980), including the Texas 
coast (Whitten et al. , 1950; Hedgpeth, 1953; Gittings et al. , 
1986; Britton & Morton, 1989) . This may indicate that C. 
fragilis is a strong competitor in turbid waters. However, it 
appears that at certain level, sediment can act as a 
inhibiting factor. 
Balanus eburneus grows better in low intertidal areas (()IV). 
In a study of intertidal fauna of the British coast, Connell 
(1961) determined that Balanus balanoi des occurs below 
Chthalamus stellatvs. This resembles the zonation of their 
counterpart in Texas shores. 
B. eburneus was relatively scarce from July to November, but 
became abundant from January to May, attaining a peak in 
March (Fig. 8). This probably indicates a recruitment period 
for this species. This is partially similar to the 
investigations of Moore and Frue (1959), who found three 
peaks of cypris settlement for this species during March, 
July and October in the Miami area. The relative low 
frequencies of B. eburnevs on the groin could be explained by 
the preference of this species for estuarine habitats (Moore 
& Frue, 1959; Gordon, 1969; Zullo, 1979; Gittings et al. , 
1986; Britton & Morton, 1989) . Fig. 1 confirmed this because 
a low salinity trend was recorded during the high abundance 
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Fig. 8. Representation of the vertical stratification and 
seasonal abundance fluctuations of Balanus eburneus. QIII: 
white; QIV: vertical lines. 
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B. eburneus appears to have a greater tendency to attach to 
different surfaces, e. g. other barnacles, oysters, aluminum 
cans, tires, glass, algae, and even on the dorsal area of D. 
dianae, probably influenced by the presence of arthropodin in 
this isopod (Crisp, 1990) . 
The other barnacle species, B. amphitrite, was found fre- 
quently in the low-intertidal (QIV) and a few in the middle 
intertidal (QIII) but in small numbers relatively to all of 
the three species mentioned previously. B. amphi tri te 
attained an abundance peak in summer (Fig. 9) . Moore and Frue 
(1959) reported similar results of cypris production in the 
Miami area. The difference in abundances between seasons 
might be explained due to the marine salinity preferences of 
this cirriped (Zullo, 1979; Britton & Morton, 1989) . Also, 
it grows faster in warmer months (Moore & Frue, 1959) . Both, 
temperature and salinity tendencies increased with the 
increase of this population (Fig. 3) . 
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Fig. 9. Representation of the vertical stratification and 
seasonal abundance fluctuations of Salanus amphi trite. QIII: 
white; QIv: vertical lines. 
Living and dead B. eburneus and B. amphitrite were found to 
shelter Stylochus sp. , Polydora aggregata, Polydora socialis, 
Polydora websteri, various syllids, Neanthes succinea, 
Lumbrineri. s cf. parvapedata, N. lineolata, B. exustusg P. 
26 
phoiadiformi s, S. antillensis, C. acherusicum. They also 
provided firm substratum for 0. dichotoma and Hembranipora 
cf. tenuis. Based on this information, I suggest that 
barnacles play an important ecological role as potential 
habitat for motile fauna on the groins. Similar associations 
with barnacles have been reported in Panama (Reimer, 1976a, 
b), Baja California (Kudenov, 1979), and Tampa Bay (Bross, 
1987) . 
Another important member of this community is Neanthes 
succinea (=Nereis succinea) . It was scarce in July, September 
and January (Fig. 10) . Extreme salinities, high temperatures, 
and predation rates could be a major cause for this paucity 
in summer. 
N. succinea, has been considered an emigrant from estuaries 
onto the jetties (Whitten et al. , 1950; Fotheringham, 1980). 
Juveniles of Beni ppe adina ( Ã. mercenaria) and transient 
fishes appeared in summer, and might have impacted N . 
succinea population as well as other resident fauna. 
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Fig. 10. Representation of the vertical stratification and 
seasonal abundance fluctuations of Neanthes succinea. 
QIII: white; QIV: vertical lines. 
Many young specimens of N. svccinea were found in spring 
(March-May) . Ruppert and Fox (1988) said that this polychaete 
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spawns in spring and late summer, which is partially similar 
to the abundances that I found in March and May samples. 
N. succinea was found mostly in the low-Intertidal under 
sediment, within empty barnacle plates, underneath dead 
oysters and sometimes in oyster valves within the empty 
burrows of the spionid P. websteri. 
The skeleton shrimp Caprella equilibra occurred from fall to 
spring (Fig. 11) . It has been described as common, especially 
in winter time along the east coast of the United States 
(Ruppert & Fox, 1988) . Many caprellids, including C . 
equi libra, associate with algae, bryozoans and hydrozoans 
(Edmonson & Mansfield, 1948; McCain, 1965; Keith, 1969; 
Caine, 1974; Britton & Morton, 1989). In my study, C. 
equi libra was commonly associated with algae and the 
hydrozoan 0. di chotoma from the lower intertidal. During the 
surveys made by Whitten et al. (1950) on Texas jetties 
uncertain caprellid species were reported, Caprella 
acvtifrons and Caprella sp. No comparisons could be made due 
to the lack of descriptions in Whitten et al. study. 
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Fig. 11. Representation of the vertical stratification and 
seasonal abundance fluctuations of Caprelia eguilibra. 
QIII: whitel QIV: vertical lines. 
From July to November another smaller caprellid, 
Paracaprella tenui s (=Deutella abracadabra), was discovered. 
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Although abundance was low (Table 1), it did show the same 
habitat preferences of its winter counterpart. This was 
confirmed by Steinberg & Dougherty (1957) who found it 
associated with bryozoans. 
The only bivalve quantitatively dominant in the lower 
intertidal was Petricola pholadi formi s. Although rare in 
March (Fig. 12), it was very common in July and November. 
Young specimens were observed in May, indicating a possible 
larval recruitment after the winter decrease. Ruppert a Fox 
(1988) explained that in the southeast coast the juveniles of 
this bivalve live on rocks and pilings associated with 
mussels. Investigations conducted by Whitten et al. (1950) 
and Hedgpeth (1953) did not include it as part of the jetty 
fauna. Andrews (1971) considered clay its typical substratum, 
and Britton S Morton (1989) mentioned that P. phoiadiformi s 
was a boring clam in the mud banks of Sargent Seach, Texas. 
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Fig. 12. Representation of the vertical stratification and 
seasonal abundance fluctuations of Petricoia pholadi formis. 
QIII: white; QIV: vertical lines. 
Many specimens of Dynameneila dianae were collected in 
November, March and May (Fig. 13), coinciding in part with 
the peak values of the community (Fig. 4) . Very few specimens 
were observed in the other months. It was an inhabitant of 
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Fig. 13. Representation of the vertical stratification and 
seasonal abundance fluctuations of nynameneIIa di anae. QIII: 
white; QIV: vertical lines. 
Its presence along Texas jetties has been probably over- 
looked or confused with a similar isopod Sphaer orna 
quadridentatum (Whitten et al. , 1950; Britton S Morton, 
1989) . Clark (1978), and Clark S Robertson (1982), reported 
that S. quadridentatum was dominant on the nothern jetties 
and it was replaced by D. dianae in southern jetties. 
However, I found the opposite on the groin studied: D. dianae 
was dominant and S. quadri dentatum was found occasionally 
(Table 1). This change in geographical distribution could be 
temporary, since large numbers of S. quadridentatum have been 
collected on Galveston groins previously (Harper, personal 
communication). 
The last and most important member of the groin faunal com- 
munity was Corophium acherusicvm (Table 1, Fig. 14) . 
Characteristic of the lower intertidal, it attained very high 
densities (Table 2) . Fotheringham (1980) stated that C. 
lovisianum was the dominant amphipod jetties and groins along 
the Gulf of Mexico coast, but C. lovsi anum is a common 
organism in low salinity areas of the Gulf of Mexico (Thomas, 
1976; McKinney, 1977) . 
When the community seasonal abundance trend (Fig. 4) and C. 
acherusi curn tendency (Fig. 14) are compared, it can be 
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observed that this species definitely governed the seasonal 
abundance trends of the entire community. Fotheringham (1980) 
explained that C. acherusicvm and other infaunal crustaceans 
experience spring blooms in offshore bottoms. This coincided 
with the peak observed in May (Fig. 4), but nothing was said 
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Fig. 14. Representation of the vertical stratification and sea- 
sonal abundance fluctuations of Corophium acherusfcum. QIII: 
white; QIV: vertical lines. 
The successful settlement could be facilitated by some phys- 
ical factors, e. g. much sediment on the rocks, salinity 
ranges, the existence of sheltered areas provided by barna- 
cles, oysters and algae. Also, biological features such as 
small size, reproduction strategies, feeding habits may have 
collaborated to the dispersion of this species along the 
groin. 
Sediment probably is rich is detritus, facilitating the nu- 
trition and adequate habitat for C. acherusicvm. But not only 
sediment is required for its success. Generally it also re- 
quires hard substratum to attain large colonies (McKinney, 
1977; Ruppert 4 Fox, 1988). Probably this is the most impor- 
tant physical factor responsible for its numerical dominance. 
McKinney (1977) determined the species ubiquity along the 
Texas coast in salinities above 15 ppt. The salinities 
recorded along the groin were always above 15 ppt (Fig. 1). 
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Many individuals were observed to build their tubes in areas 
populated with larger sessile biota. Many ovigerous females 
were found within dead barnacles. Its low-salinity counter- 
part, C. louisianvm exhibits the same behavior (Fotheringham, 
1980) . 
Reproduction and life cycles probably are very important. 
Females carrying eggs, and )uveniles, were common in samples 
from all periods. Bousfield (1973) stated that ovigerous 
females of this species appear from March to September. That 
continuity in reproduction might keep this population with 
large and constant numbers. 
Based on Barnes (1985), I considered C. acheruslcum to have 
detritivorous feeding habits. Therefore, its surrounding 
environment with plenty of organic matter is favorable. 
In addition to the important invertebrate members of the 
community, algal coverage (%) was included because of the 
shelter, substratum and nourishment they might provide. 
Present throughout the year, they seemed to be very abundant 
in summer, and scarce in November, March and May (Fig. 15). 
Temperature regimes may be considered a regulatory factor in 
these populations (Britton s Morton, 1989) . They are 
conspicuous along the lower intertidal. However, there were 
differences among the three transects: low coverage 
characterized T2 and sometimes T3, high coverage occurred in 
T4 and occasionally T3. Exposure was more severe at T2, which 
probably inhibited the development of algal colonies in this 
zone. Exposure was reduced seaward, facilitating the 
establishment of algae on T3 and T4. 
Its possible role as shelter for fauna is mentioned above, 
particularly for motile organisms, but they also represent 
strong competition for space with sessile fauna (McQuaid & 
Branch, 1985) . They attached to the scuta and terga of 
barnacles, causing damage to part of the community. Also, 
young B. eburneus were observed to adhere to different kinds 
of algae, contrasting the effect of algae over barnacles. 
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P. websteri was common only in summer (Table 1) . Salinity 
might have some influence on its presence, since this 
population attained important densities in July. It was found 
in QIV, generally within dead and alive oyster valves. Also/ 
two or three specimens were living within the plates of 
large, dead B. amphitrlte. Blake (1971), and Britton & Morton 
(1989) have considered this annelid as a pest of oysters due 
to its burrowing behavior within the valves, which are 
dissolved by chemical action (Zottoli & Carriker, 1974). It 
has been reported in oyster reefs of Galveston Bay 
(Zimmermann et al. , 1989), where larvae might be carried by 
currents toward the seashore. 
O. grdllus was common in summer. It has been considered a 
semi-terrestrial amphipod, which crawls around salt marshes 
and sea shores of the Atlantic coast and the Gulf of Mexico 
(Bousfield, 1973; McKinney, 1977; Fotheringham, 1980). 
Perhaps the bait left by fishermen in summer may create 
greater dispersion due to its detritivorous habits (Table 1). 
The two colonial organisms O. dlchotoma and H. tenuis were 
not very abundant, their coverage in QIV varied from 0. 0% to 
12. 5% depending on the season. The former species seemed the 
most common of the two. Defenbaugh (1970) and Fotheringham 
(1980) considered it common on Texas )etties and groins. 
Large colonies were observed on barnacles, oysters, mussels 
and rocks with a low degree of sedimentation. 
Some fauna not included in quadrats during samplings, but 
observed, were sponges, the coral Astrangi a cf. 
astraeiformis, the hermit crab Ciibanarius vittatus, the 
crabs Callinectes sapidus, Menippe adina, and Petrolisthes 
armatvs. 
To determine statistically significant differences in the 
number of individuals and number of species present among the 
different four quadrats, six randomized block ANOVA, one per 
sampling month, were performed. Example for the month of July 
is illustrated in Table 6. 
Table 6. Example of logarithmic transformation (Log(A+1)l 
and randomized block ANOVA for the comparison of the 
averages of No. of individualsy 25 cmz (A) observed in 
the different quadrate during July 1991. 
T2 (block 1) 
T3 (block 2) 
T4 (block 3) 
Total of individuals average (A) 
Ql Qll Qttl QIV 
0. 00 1. 57 107. 43 74. 43 
0. 00 0. 71 47. 43 142. 71 
0. 11 0. 86 26. 28 383. 43 
A- total of individuals/7 repetitions 
Logarithmic transformation Log (A+1) 
T2 (block 1) 0. 000 0. 410 2. 035 1. 878 
T3 (block 2) 0. 000 0. 233 1. 685 2. 157 




Randomized Block ANOVA Table 
df SS MS F Resolution 
3 10. 33 3. 443 46. 6 
2 0. 009 0. 00045 0. 0061 ns 
6 0. 443 0. 074 
*' = Highly significant (pc0. 01) 
ns= no significant (p&0. 05) 
Highly significant differences (p & 0. 01) were established 
among the four quadrats (treatments) in the six ANOVA. This 
rejected the hypothesis that the number of individuals is 
equal along the different vertical zones of the lateral areas 
of the groin, and supports the alternative hypothesis, e. g. 
variations occur among the quadrats. ln contrast, transects 
(blocks) did not present significant differences, supporting 
horizontal equality along the groin. 
Another six similar ANOVA were carried out, using number of 
species instead of the average of number of individuals 
(Table 7) . 
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Table 7. Example of logarithmic transformation (Log (No. 
species + 1)) and randomized block ANOVA for the comparisons 
of the number of species observed in the different quadrate 
during July 1991. 
Number of species (Z) 
Ql Qll Q(lt 
T2 (block 1) 0 2 3 
T3 (block 2) 0 2 13 





Logarithmic transformation Log (No. species+1) 
T2 (block 1) 0. 000 0. 477 0. 602 1. 114 
T3 (block 2) 0. 000 0. 477 1. 146 1. 362 




Randomized Block ANOVA Table 
df SS MS F Resolution 
3 2. 683 0. 894 49. 7 
2 0. 08 0. 0400 2. 22 ns. 
6 0. 11 0. 018 " = Highly significant (p«0. 01) 
ns= no significant (p&0. 05) 
Results indicated that diversity changed along a vertical 
gradient . This rejected the null hypothesis, which denied 
variations from the upper intertidal to the lower intertidal. 
Moreover, in comparisons of transects (blocks) pertaining to 
September and January, significant differences were produced 
p & 0. 05 and p & 0. 01 respectively. These partial results 
confirmed that at least in September and January diversity 
changes horizontally along the groin. 
Trophic categories 
An attempt to display the presence of different trophic lev— 
els is included in Table 1 and Fig. 16. The categories were 
suspension feeders, predators, deposit feeders, grazers, 










Fig. 16. Representation in percentages of the abundance of 
the different trophic categories. Other categories: preda- 
tors (0. 67%), deposit feeders (0. 03%), grazers (4. 4%), 
omnivores (4. 0%). 
Detritivores were dominant (56. 3%4 36092 individuals), 
influenced completely by C. acherusicum. Suspension feeders, 
mostly barnacles, were the second dominant (34. 6%; 22172 
individuals). Low representation characterized the other four 
classes which comprised a combined 9. 1% (5876 individuals) . 
These results contrast with the results of McQuaid 6 Branch 
(1985), who determined that filter feeder biomass was 
dominant on protected rocky shores of South Africa, whereas 
herbivores and algal biomass was higher on exposed shores. 
Also, Fuji & Nomura (1990) referred to similar conclusions in 
an apparent exposed rocky shore of Japan, where presence of 
filter feeders, particularly barnacles was relevant. 
In this survey the most important trophic group was 
detritivores, included as a minor group in the above studies. 
Besides, zoogeographical and climatological causes, probably 
three major reasons could explain these differences: strong 
influence from adjacent estuarine areas, type of substratum 
and age of the communities on those shores. 
Estuaries may have a major effect on jetties and groins. 
Those studies mentioned above were performed in natural rocky 
areas, where muddy estuarine influence probably is limited. 
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Sediments from large estuaries influence the Gulf of Mexico, 
especially in the shore (Britton & Morton, 1989) . Sediments 
deposited along the rocks create ideal environment for C. 
achervsi curn (Fotheringham, 1980) . Salinity ranges nearshore, 
influenced by estuaries, facilitates the establishment of 
this amphipod colony (McKinney, 1977) . 
Whitten et al. (1950) mentioned that Texas jetties and 
groins are artificial substrata introduced by men on sandy- 
muddy shores at the end of the last century. Therefore, 
fauna inhabiting that firm substrata have migrated recently 
from estuaries, Caribbean or northwestern-Atlantic areas 
(Whitten et al. , 1950; Hedgpeth 1953; Fotheringam, 1980) . 
Natural rocky shores communities have evolved throughout 
different geological periods and adapted in many ways to this 
environment (Thurman & Webber, 1984) . 
Surprisingly, herbivore action was not obvious, except for 
the epiphyte grazer N. Iineolata (Table 1 and Figs. 6) . This 
feature made Galveston groins differ from natural rocky 
shores, where herbivore action is important for the 
population dynamics of the communities (Lubchenco & Menge, 
1978; Lubchenco & Gaines, 1981; Branch, 19S5; Jones & Baxter, 
1985). 
This brief discussion about the groin's trophic categories 
is a preliminary effort to explain energetic flow in these 
community, but intense research is required to better under- 
stand the ecological relationships on artificial substrata. 
Succession on experimental substrata 
In early December, six small bricks of different materials 
were placed within crevices in the lower intertidal of the 
transect areas. Twenty invertebrate species were recruited 
from January to July, of which the first were B. eburneus, N. 
lineolata, C. fragi fis and D. dianae (Table 8) . 
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Table 8. Qualitative representation of fouling or- 
ganisms observed on the experimental bricks from 
January to July 1992. — : scarce (1-10 individu- 
als/25 cm~, 1-10%); t: common (11-100 individu- 
als/25 cm ~ 11-49%)) *: abundant (&100 individu- 
als/25 cm2 50-100%) . 1 Coverage for colonial or- 
ganisms. 




C. fragili s 
N. lineolata 





C. equi li bra 
B. cavernata 
Stylochus sp. 
O. di chotoma1 
S. haemostoma 
¹ succinea 




H. adi na 
B. amphi tri te 
S. anti llensi s 
+ + + + 
* * * + + 
+ + 
+ + 
+ + + 
Diversity and density increased in March and May (Fig. 17), 
this increase probably was associated with the presence of 
algae in that period. By July those parameters decreased and 
so did the coverage of sediment and algae. These two 
components probably were scarce due to long periods of low 
tides typical of summer, and with them the development of a 
new community was affected. These preliminary results 
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Fig. 17. Representation of the seasonal variations 
of the diversity trend observed on the experimental 
bricks. Data of April missing. 
Some other organisms recorded on the bricks were C . 
acherusicum, S. haemastoma, N. succinea, C. virginica and B. 
cavernata. C. acherusicum took advantage of sediment, or 
perhaps it built tubes on the bricks taking mud particles 
from the water and surrounding areas. But all those biota de- 
clined in July. 
The reduced experimental period limited the implications 
that could be drawn from this experiment. However, a 
preliminary set of succession of data from winter to summer 
has been provided. 
All analyses made indicated that the nature of the communi- 
ties was not regulated by one major physical or biological 
factor, but by the interactions of all of them. For the groin 
studied such factors are probably tide level, temperature, 
salinity, sediment deposition, type of substratum, microto- 
pography, predation, reproductive cycles, competence for 
space, and shelter provided by sessile organisms. 
Based on conclusions made by Whitten et al, (1950), and 
Fotheringham (1980) and the assumptions of this work, I 
consider the groin community to be introduced inhabitants on 
sandy-muddy shores, with a mixture of representatives from 
oyster reefs, marshes, continental shelf, Caribbean Sea, 
Carolinian province, and cosmopolitan species. 
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An analysis on the faunal community of the groin community 
of Galveston has been performed. This study gathered informa- 
tion mainly on faunal composition, community zonation, and 
possible effects of physical and biological factors. This re- 
search provided a better understanding of the ecology of the 
intertidal fauna on jetties and groins. However, investiga- 
tions on population dynamics, species life history, disper- 
sion-persistence strategies and feeding ecology, could en- 
hance the knowledge of the ecology of the jetties and groins 
of Gulf of Mexico. 
CONCLUSZONS 
The groin faunistic community consisted of fifty species, 
within nine phyla. The numerically dominant species in this 
community was Corophivm acherusicvm, comprising 53. 18% of all 
specimens. Other numerically important organisms were 
Chthalamvs fragi lis, Nodoli ttorina lineolata, Bal anus 
ebvrnevs, B. amphi tri te, Dynamenella di anae and Caprella 
eqvi libra. These species except for the latter, were 
persistent throughout the seasons. Different algae were 
observed during samplings. They were abundant in July, but 
their presence decreased in cooler months. 
Random ANOVA detected non-significant differences detected 
among the different sampling periods. Moreover, Kulczynski's 
similarity index demonstrated that some periods were more 
alike to others, generally due to continuity, i. e. September- 
November, September-May, November-May and January-March. 
July-May were very different from each other. These seasonal 
trends were dominated by C. achervsicum abundances, but the 
community seasonal trends, excluding this amphipod, were 
opposite when comparing data with abundance values including 
C. achervsi curn, except for the faunistic increase during 
spring bloom. 
Similarity index and randomized block ANOVA applied to the 
three different transects proved that abundances do not 
fluctuate seaward or landward. Although, the same ANOVA 
design detected fluctuations among horizontal diversity 
gradient during September and January. 
The most dispersed animal through the vertical community 
gradient was N. lineolata. C. fragili s also withstood dry and 
hot substratum but not as effectively the former species did. 
The others, including C. acherusicvm, were considered mid-low 
intertidal species, which were incapable of surviving above 
this area. Randomized Block ANOVA proved that abundance and 
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diversity were different along the vertical quadrats during 
the six sampling periods. 
The biota zonation might be in part controlled by the 
interaction of physical factors such as periods of exposure, 
temperature, salinity, nutrients, intensity of radiation, 
sedimentation, slope of substratum and hardness of 
substratum. Algae, barnacles, oysters and sediment produce 
microhabitats for various species. 
The groin assemblage was dominated by detritivores and 
suspension feeders; herbivores were poorly represented. This 
was different from natural rocky shores where herbivores are 
common and detritivores rare. The existence of sediment could 
be related to this variation. 
B. eburneus recruited rapidly on the experimental substrata, 
and 19 more animal species settled, reaching coverage peaks 
in March and May. Probably that development was enhanced by 
the presence of algae and sediments. However, representation 
declined in summer. 
Texas groins and jetties are inhabited by biota of different 
geographical areas including estuaries, Carolinian and 
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S. ct. gracilis 
































1 231 391 6 74 79 
15 28 1 9 




































1 325 362 
7 10 
4 11 21 
1 1 - - - 2 4 
11 752 530 - 5 332 1006 - 6 192 2688 5522 
APPEttDIX 1 
LIST OP SPECIES COLLECTED IE JULY 1991 
T 2 T 3 T 4 
QI QII QIII QIV QIQII QIII QIV QI QII QIII QIV 
13 - - - - - - 8 


















S. cf. gracilis 




































64 27 46 137 
12 2 17 31 
2 2 
18 9 27 



























81 3 80 'I64 
870 - - 263 8260 9393 
65 46 111 
1298 
9 - - 17 24 50 
2 - - - 2 4 
15 107 1376 1 3 1128 8916 12844 
APPENDIX 2 
SPECIES COLLECTED IM SEPTEMBER 1991 I 2 T 3 T 4 
Ql Qll Gill QIV Ql Qll Qlll QIV Ql Qll Qlll QIV 
7 


















S. cf. gracilis 
































SPECIES COLLECTED IN NOVEMBER 1991 
T 2 T 3 T 4 
QI QII QIII QIV QI QII QIII QIV QI QII QIII QIV 
2 - - - 1 - - 2 14 
2 - - - 34 - - - 12 


























































































S. cf. graciiis 
































8PECIES COLLECTED IN JANUARY 1992 
T 2 T 3 T 4 
QIQII QIII QIV QIQII QIII QIV QI QII QIII QIV 
5 - - - - - - - 3 





















8 - - - 6 - - 1 
4 - - - 1 
760 24 - - 120 74 - - 603 
29 - - - 38 







10 5 166 188 






















S. ct. gracilis 






































21 75 157 
1 
1 - 1 
2 15 
1 
1 8 22 
4 9 314 15 1519 63 12 1013 24 - 496 
3 - - - - - - - - 3 
6 - 8 
1 23 
2 











5 4 19 
1 - 7 
464 - 2010 
4 6 62 
240 1608 3828 
14 45 228 
7 325 335 
1 1 
2 2 
47 1629 2537 
1 1 
11 12 
3 2 9 
510 
4 9 1057 1448 15 19 195 2552 10 13 851 3761 9934 
EFPENDZX 5 
LIST OF SPECIES OBSERVED ZN NILRCE 1992 
T 2 T 3 T 4 
QIQII Qlll QIV QIQII Qlll QIV Ql Qll Qlll QIV 
4 - - - - - - - 1 
17 - - - 84 - - 8 33 
54 
ltPPENDIX 6 
LIST OF SPECIES COLLECTED 
T 2 T 3 
QI QII QIII QIV QI QII QIII 
4 
11 
IN NEY 1992 
T 4 
QIV QI QII QIII QIV 
1 
8 - - 22 1 
4 - - - 2 






















S. ct. gracilis 

























































40 28 94 
1 4 
734 3 1810 
6 
523 66 2148 
269 10 413 
12 - 21 




2606 - - 341 5322 10874 
10 - - 34 176 230 
212 - - 5 107 324 




1 - - 1 1 4 
2 62 4448 - 2 2333 6164 17434 
1 
2 640 3781 
1 
1 
2 189 48 - 2 9 47 - 2 190 
55 
APPENDIX 7 
ANNUAL ABUNDANCE8 AND PERCENTAGES FOR RACE MEMBER 
















































S. cf. gracilis 














































Chi ron omid 
Hippoporina sp. ('/o) 
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